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(57) ABSTRACT

A display device includes a first optical resonance layer on a
substrate, a switching structure on the first optical resonance
layer, a first electrode on the switching structure, a light
emitting structure on the first electrode, and a second elec-
trode on the emitting structure. The switching structure may
include a switching device and an optical distance controlling
insulation layer covering the switching device. A first optical
resonance distance for an optical resonance of the light may
be provided between an upper face of the first optical reso-
nance layer and a bottom face of the second electrode.
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1
DISPLAY DEVICES AND METHODS OF
MANUFACTURING DISPLAY DEVICES

BACKGROUND

1. Field

Example embodiments of the inventive concept relate to
display devices and methods of manufacturing display
devices. More particularly, example embodiments of the
inventive concept relate to organic light emitting devices and
methods of manufacturing organic light emitting devices.

2. Description of the Related Art

An organic light emitting device (OLED) may display
desired information such as images, letters and/or characters
using a light generated by combining holes provided from an
anode with electrons provided from a cathode in an organic
layer thereof. In various display devices, for example, liquid
crystal display devices, plasma display panels, field emission
display devices, etc., the OLED has been widely employed in
various electronic and electric apparatuses such as televi-
sions, mobile communication apparatuses, monitors, MP3
players or portable display apparatuses because the OLED
may ensure relatively large view angle, rapid response speed,
small thickness, low power consumption, etc. Accordingly,
the OLED may be certainly expected to be one of the most
prospecting next-generation display devices.

As for the conventional OLED, excitons are generated in
an emitting layer by the recombination of holes and electrons
provided from electrodes, and then a light having a predeter-
mined wave length is generated from the energy the excitons
to produce a desired image. However, the conventional
OLED may have a relatively low luminous efficiency in
accordance with the reduction of light transmittance caused
by an internal reflection in the OLED, the destructive inter-
ference of the light reflected from the electrodes and/or other
internal layers, etc. Additionally, the conventional OLED
may not ensure a high color purity because the emission
spectrum of the light may exist in a relatively large waveband.
Furthermore, the number of the layers in the conventional
OLED may increase to improve the reflect property of the
light, however, manufacturing processes for the layers may be
considerably complicated since the number of the stacked
layers and the thickness of each layer may be accurately
adjusted in order to precisely control the reflectivity of lights
having predetermined wavelengths.

SUMMARY

Embodiments are therefore directed to a display device,
which substantially overcome one or more of the problems
due to the limitations and disadvantages of the related art.

It is therefore a feature of an embodiment to provide a
display device ensuring improved color purity and enhanced
luminance efficiency.

It is therefore another feature of an embodiment to provide
amethod of manufacturing a display device having high color
purity and luminance efficiency with simplified processes.

At least one of the above and other features and advantages
may be realized by providing a display device including a
substrate, a first optical resonance layer, a switching struc-
ture, a first electrode, a light emitting structure, and a second
electrode. The first optical resonance layer may be disposed
on a substrate. The first optical resonance layer may include a
metal film. The switching structure may be positioned on the
first optical resonance layer. The switching structure may
include a switching device and an optical distance controlling
insulation layer covering the switching device. The first elec-
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trode may be positioned on the switching structure and the
light emitting structure may be disposed on the first electrode.
The second electrode may locate on the light emitting struc-
ture. A first optical resonance distance for an optical reso-
nance of the light may be provided between an upper face of
the first optical resonance layer and a bottom surface of the
second electrode.

In example embodiments, the first optical distance may be
determined to simultaneously generate optical resonances of
red light, green light, and blue light.

In example embodiments, the first optical resonance dis-
tance may be adjusted by controlling a thickness of the optical
distance controlling insulation layer and/or a refraction index
of the optical distance controlling insulation layer.

In example embodiments, the display device may addition-
ally include a buffer layer disposed between the substrate and
the first optical resonance layer.

In example embodiments, the first optical resonance layer
may be semi-transparent. For example, the first optical reso-
nance layer may include a single thin metal film. The first
electrode may be transparent and the second electrode may be
reflective or semi-transparent.

In example embodiments, the first electrode may be semi-
transparent and a second optical resonance distance for an
optical resonance of the light generated from the light emit-
ting structure may be provided between the upper face of the
first optical resonance layer and a bottom face of the first
electrode. The second optical resonance distance may be
adjusted by controlling a thickness of the optical distance
controlling insulation layer and/or a refraction index of the
optical distance controlling insulation layer.

In example embodiments, a third optical resonance dis-
tance for an optical resonance of the light may be provided
between an upper face of the first electrode and the bottom
face of'the second electrode. Each of the first, the second, and
the third optical resonance distances may be determined to
generate one peak wavelength within a wavelength band of a
visible light. Alternatively, the first, the second, and the third
optical resonance distances may be determined to generate
peak wavelengths corresponding to different color lights hav-
ing wavelengths within wavelength bands of visible lights.
Furthermore, the first, the second and the third optical reso-
nance distances may be determined to simultaneously gener-
ate optical resonances of red light, green light and blue light.

In example embodiments, the first optical resonance layer
may be reflective and the second electrode may be semi-
transparent.

In example embodiments, the display device may further
include an optical distance controlling layer disposed on the
second electrode, and a second optical resonance layer dis-
posed on the optical resonance controlling layer. The second
electrode may be semi-transparent and a second optical reso-
nance distance may be provided between an upper face of the
second electrode and a bottom face of the second optical
resonance layer. The second optical resonance distance may
be adjusted by controlling a thickness of the optical distance
controlling layer and/or a refraction index of the optical dis-
tance controlling layer. A third optical resonance distance
may be provided between the upper face of the first optical
resonance layer and a bottom face of the second optical reso-
nance layer. Each of the first, the second, and the third optical
resonance distances may be determined to generate one peak
wavelength within a wavelength band of visible light. Alter-
natively, the first, the second, and the third optical resonance
distances may be determined to generate peak wavelengths
corresponding to different color lights having wavelengths
within wavelength bands of visible lights. Furthermore, the
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first, the second, and the third optical resonance distances
may be determined to simultaneously generate optical reso-
nances of red light, green light and blue light.

According to another aspect of example embodiments,
there is provided a display device including a substrate, a first
electrode, a light emitting structure, a second electrode, an
optical distance controlling layer, and a first optical resonance
layer having a reflectivity. The first electrode may be disposed
on the substrate, and the light emitting structure may be
positioned on the first electrode. The second electrode may be
formed on the light emitting structure. The optical distance
controlling layer may locate on the second electrode. The first
optical resonance layer may be disposed on the optical dis-
tance controlling layer. A first optical resonance distance for
an optical resonance of the light may be provided between an
upper face of the first electrode and a bottom face of the first
optical resonance layer.

In example embodiments, the first optical resonance dis-
tance may be determined to simultaneously generate optical
resonances of red light, green light, and blue light.

In example embodiments, the first optical resonance dis-
tance may be adjusted by controlling a thickness of the optical
distance controlling layer and/or a refraction index of the
optical distance controlling layer.

In example embodiments, the second electrode may be
semi-transparent and a second optical resonance distance for
an optical resonance of the light may be provided between an
upper face of the second electrode and the bottom face of the
first optical resonance layer. The second optical resonance
layer may be adjusted by controlling a thickness of the optical
distance controlling layer and/or a refraction index of the
optical distance controlling layer.

In example embodiments, a third optical resonance dis-
tance for an optical resonance of the light may be provided
between the upper face of the first electrode and a bottom face
of the second electrode. Each of the first, the second, and the
third optical resonance distances may be determined to gen-
erate one peak wavelength within a wavelength band of a
visible light. Alternatively, the first, the second, and the third
optical resonance distances may be determined to generate
peak wavelengths corresponding to different colors of light
having wavelengths within wavelength bands of visible
lights.

In example embodiments, the first optical resonance layer
may be reflective and the first electrode is semi-transparent.
Alternatively, the first optical resonance layer may be semi-
transparent and the first electrode may be reflective or semi-
transparent.

In example embodiments, the display device may further
include a switching structure disposed between the substrate
and the first electrode, and a second optical resonance layer
disposed between the substrate and the switching structure.
The switching structure may include a switching device and
an optical distance controlling insulation layer. The first elec-
trode may be semi-transparent and a second optical resonance
distance for an optical resonance of the light may be provided
between an upper face of the second optical resonance layer
and a bottom face of the first electrode. The second optical
resonance distance may be adjusted by controlling a thick-
ness of the optical distance controlling insulation layer and/or
a refraction index of the optical distance controlling insula-
tion layer. A third optical resonance distance for an optical
resonance of the light may be provided between a bottom face
of the first optical resonance layer and an upper face of the
second optical resonance layer. Each of the first, the second,
and the third optical resonance distances may be determined
to generate one peak wavelength within a wavelength band of
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visible light. Alternatively, the first, the second, and the third
optical resonance distances may be determined to generate
peak wavelengths corresponding to different color lights hav-
ing wavelengths within wavelength bands of visible lights.

According to still another aspect of example embodiments,
there is provided a display device including a first optical
resonance layer on a substrate, a switching structure on the
first optical resonance layer, a first electrode on the switching
structure, a light emitting structure on the first electrode, a
second electrode on the light emitting structure, an optical
distance controlling layer on the second electrode, and a
second optical resonance layer on the optical distance con-
trolling layer. The switching structure may include a switch-
ing device and an optical distance controlling insulation layer
covering the switching device. The second optical resonance
layer may provide a first optical resonance distance for an
optical resonance of the light between an upper face of the
first optical resonance layer and a bottom of the second opti-
cal resonance layer.

In example embodiments, the first resonance optical dis-
tance may be determined to simultaneously generate optical
resonances of red light, green light, and blue light.

In example embodiments, the first optical resonance dis-
tance may be adjusted by controlling a thickness of the optical
distance controlling insulation layer and/or a refraction index
of the optical distance controlling insulation layer. Further,
the first optical resonance distance may be adjusted by con-
trolling a thickness of the optical distance controlling layer
and/or a refraction index of the optical distance controlling
layer.

In example embodiments, the first optical resonance dis-
tance may be adjusted by simultaneously or respectively con-
trolling a thickness of the optical distance controlling insula-
tion layer, a refraction index of the optical distance
controlling insulation layer, a thickness of the optical distance
controlling layer, and/or a refraction index of the optical
distance controlling layer.

In example embodiments, the first optical resonance layer
may be semi-transparent and the second optical resonance
layer may be reflective.

In example embodiments, at least one of the first electrode
and the second electrode may include a semi-transparent
electrode and the semi-transparent electrode may provide a
second optical resonance distance for an optical resonance of
the light between the upper face of the first optical resonance
layer and a bottom face of the semi-transparent electrode. The
second optical resonance distance may be adjusted by con-
trolling a thickness of the optical distance controlling insula-
tion layer and/or a refraction index of the optical distance
controlling insulation layer. The semi-transparent electrode
may additionally provide a third optical resonance distance
for an optical resonance of the light between an upper face of
the semi-transparent electrode and a bottom face of the sec-
ond optical resonance layer. The third optical resonance dis-
tance may be adjusted by controlling a thickness of the optical
distance controlling layer and/or a refraction index of the
optical distance controlling layer. Each of the first, the sec-
ond, and the third optical resonance distances may be deter-
mined to generate one peak wavelength within a wavelength
band of visible light. Alternatively, the first, the second, and
the third optical resonance distances may be determined to
generate peak wavelengths corresponding to different colors
of light having wavelengths within wavelength bands of vis-
ible lights.

At least one of the above and other features and advantages
may also be realized by providing a method of manufacturing
a display device. In the method of manufacturing the display
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device, a first unit may be formed on a substrate. The first unit
may include a first electrode, a light emitting structure, and a
second electrode. A second unit including a first optical reso-
nance layer and an optical distance controlling layer may be
formed. The first unit may be combined with the second unit.

In formation of the first unit according to example embodi-
ments, a second optical resonance layer and a switching struc-
ture may be formed between the substrate and the first elec-
trode.

In formation of the switching structure, a switching device
may be formed between the substrate and the first electrode.
An optical distance controlling insulation layer may be
formed to cover the switching device.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages will become
more apparent to those of ordinary skill in the art by describ-
ing in detail exemplary embodiments with reference to the
attached drawings, in which:

FIG. 1 illustrates a cross sectional view of a display device
in accordance with example embodiments;

FIG. 2 illustrates a cross sectional view of a display device
having an active matrix type in accordance with example
embodiments;

FIGS. 3 and 4 illustrate graphs of peak wavelengths within
a visible wavelength band in accordance with example
embodiments;

FIG. 5 illustrates a graph of luminance difference of peak
wavelengths between a display device having a buffer layer
and a display device without a buffer layer according to
example embodiments;

FIG. 6 illustrates a cross sectional view of a display device
having an active matrix type in accordance with example
embodiments;

FIG. 7 illustrates a cross sectional view of a display device
having an active matrix type in accordance with example
embodiments;

FIG. 8 illustrates a cross sectional view of a display device
having an passive bottom emission type in accordance with
example embodiments;

FIG. 9 illustrates a graph comparing luminance of a display
device including a semi-transparent second electrode with
luminance of a display device including a transparent second
electrode in accordance with example embodiments;

FIGS. 10A to 10C illustrate cross sectional views of stages
of'a method of manufacturing a display device in accordance
with example embodiments;

FIG. 11 illustrates a cross sectional view of a display device
in accordance with example embodiments;

FIG. 12 illustrates a cross sectional view of a display device
having an active matrix type in accordance with example
embodiments; and

FIG. 13 illustrates a cross sectional view of a display device
in accordance with example embodiments.

DETAILED DESCRIPTION

Korean Patent Application No. 10-2010-0103375, filed on
Oct. 22, 2010, in the Korean Intellectual Property Office, and
entitled: “Display Devices and Methods of Manufacturing
Display Devices,” is incorporated by reference herein in its
entirety.

Example embodiments will now be described more fully
hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and should
not be construed as limited to the embodiments set forth
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6

herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.

In the drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred to
as being “on” another layer or substrate, it can be directly on
the other layer or substrate, or intervening layers may also be
present. Further, it will be understood that when a layer is
referred to as being “under” another layer, it can be directly
under, and one or more intervening layers may also be
present. In addition, it will also be understood that when a
layer is referred to as being “between” two layers, it can be the
only layer between the two layers, or one or more intervening
layers may also be present. Like reference numerals refer to
like elements throughout.

The example embodiments are described more fully here-
inafter with reference to the accompanying drawings; how-
ever, they may be embodied in many different forms and
should not be construed as limited to the example embodi-
ments set forth herein. Rather, these embodiments and pro-
vided so that this disclosure will be through and complete,
and will fully convey the scope of the invention to those
skilled in the art.

It will be understood that when an element or layer is
referred to as being “on,” “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like or similar refer-
ence numerals refer to like or similar elements throughout. As
used herein, the term “and/or” includes any and all combina-
tions of one or more of the associated listed items.

It will be understood that, although the terms first, second,
third etc. may be used herein to describe various elements,
components, regions, layers, patterns and/or sections, these
elements, components, regions, layers, patterns and/or sec-
tions should not be limited by these terms. These terms are
only used to distinguish one element, component, region,
layer pattern or section from another region, layer, pattern or
section. Thus, a first element, component, region, layer or
section discussed below could be termed a second element,
component, region, layer or section without departing from
the teachings of example embodiments.

Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein for
ease of description to describe one element or feature’s rela-
tionship to another element(s) or feature(s) as illustrated in
the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

The terminology used herein is for the purpose of describ-
ing particular example embodiments only and is not intended
to be limiting of the invention. As used herein, the singular
forms “a,” “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises™ and/

29 <.
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or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

Example embodiments are described herein with reference
to cross sectional illustrations that are schematic illustrations
of illustratively idealized example embodiments (and inter-
mediate structures) of the inventive concept. As such, varia-
tions from the shapes of the illustrations as a result, for
example, of manufacturing techniques and/or tolerances, are
to be expected. Thus, example embodiments should not be
construed as limited to the particular shapes of regions illus-
trated herein but are to include deviations in shapes that result,
for example, from manufacturing. The regions illustrated in
the figures are schematic in nature and their shapes are not
intended to illustrate the actual shape of a region of a device
and are not intended to limit the scope of the inventive con-
cept.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this inventive concept belongs. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

FIG. 1is a cross sectional view illustrating a display device
in accordance with example embodiments. FIG. 2 is a cross
sectional view illustrating a display device having an active
matrix (AM) type in accordance with example embodiments.

Referring to FIGS. 1 and 2, the display device includes a
substrate 100, an optical resonance layer 150, a switching
structure 200, a first electrode 310, a light emitting structure
350 and a second electrode 320.

The switching structure 200 may be located between the
optical resonance layer 150 and the first electrode 310. Here,
the switching structure 200 may be disposed below the first
electrode 310, the second electrode 320 and the light emitting
structure 350. The light emitting structure 350 may be dis-
posed between the first electrode 310 and the second elec-
trode 320.

In example embodiments, the substrate 100 may include a
transparent substrate. For example, the substrate 100 may
include a glass substrate, a transparent plastic substrate, a
transparent parent metal oxide substrate, etc. Further, the
substrate 100 may include a flexible substrate.

When the display device may utilize the mechanism of
organic electroluminescent, the light emitting structure 350
may include an organic layer. Here, the light emitting struc-
ture 350 includes a hole transferring layer (HTL) 353, an
emitting layer (EL) 355 and an electron transferring layer
(ETL) 357 asillustrated in FIG. 2. The emitting layer 355 may
include different luminous materials relative to different
color pixel regions of the display device to generate different
colors of lights, e.g. red light, green light, blue light, etc. In
some example embodiments, the emitting layer 355 may
include a mixture of different luminous materials generating
different colors of light. Alternatively, the emitting layer 355
may have a multi layer structure that includes a plurality of
layers for generating the colors of light, e.g. red light, green
light, blue light, etc. Here, the emitting layer 355 may emit
white light.

In example embodiments, the first electrode 310 may serve
as an anode for providing the hole transferring layer 353 with
holes whereas the second electrode 320 may serve as a cath-
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ode for supplying the electron transferring layer 357 with
electrons. To reduce a driving voltage of the display device
while enhancing luminous efficiency thereof, a hole injection
layer (HIL) (not illustrated) may be interposed between the
first electrode 310 and the hole transferring layer 353. Addi-
tionally, an electron injection layer (EIL) may be disposed
between the electron transferring layer 357 and the second
electrode 320. However, the inventive concept may not be
limited to the above-described construction. In some example
embodiments, the first electrode 310 and the second electrode
320 may serve as a cathode and an anode, respectively. In this
case, an electron transferring layer, an emitting layer, a hole
transferring layer and the second electrode 320 may be suc-
cessively provided on the first electrode 310.

According to some example embodiments, when the light
emitting structure 350 includes a plurality of emitting layers
generating different colors of light to produce white light, the
display device may also include a color filter corresponding to
the light emitting structure 350. In another example embodi-
ment, the color filter may not be required when the light
emitting structure 350 includes different luminous materials
for generating different colors of light in respective color
pixel regions.

When the display device has an active matrix type, the
display device may further includes the switching structure
200 positioned between the substrate 100 and the first elec-
trode 310. The switching structure 200, for example, may
include insulation layers and a switching device such as a
transistor.

When the switching device includes a thin film transistor
(TFT), the switching device may have a gate electrode 231, a
source electrode 233, a drain electrode 235, a semiconductor
layer 210, and so forth. A gate signal may be applied to the
gate electrode 231 and a source signal may be applied to the
source electrode 233. The drain electrode 235 may be elec-
trically connected to the first electrode 310. The semiconduc-
tor layer 210 may be connected to the source electrode 233
and the drain electrode 235. Here, the semiconductor layer
210 may include a source region 213 contacting the source
electrode 233, a drain region 215 making contact with the
drain electrode 235, and a channel region 211 generated
between the source and the drain regions 213 and 215. A gate
insulation layer 220 is disposed on the semiconductor layer
210 to electrically insulate the gate electrode 231 from the
substrate 100. An insulating interlayer 240 is formed on the
gate insulation layer 220 to cover the gate electrode 231.

In the switching device illustrated in FIG. 2, the TFT may
have a top gate structure in which the gate electrode 231 is
disposed over the semiconductor layer 210. However, the
scope of example embodiments may not be limited to such a
structure. For example, the TFT may have a bottom gate
structure including a gate electrode located below a semicon-
ductor layer.

The display device includes an optical distance controlling
insulation layer 260. The optical distance controlling insula-
tion layer 260 is disposed on the insulating interlayer 240 to
cover the source electrode 233 and the drain electrode 235.
The optical distance controlling insulation layer 260 may
protect the switching device and may electrically insulate the
switching device from upper structures. Additionally, the
optical distance controlling insulation layer 260 may ensure
or adjust at least one predetermined optical distance for an
optical resonance of a light generated from the light emitting
structure 350 as described below. In example embodiments,
the optical distance controlling insulation layer 260 may have
apredetermined light transmittance. For example, the optical
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distance controlling insulation layer 260 may have a light
transmittance of about 70% to about 100% relative to an
incident light.

The optical distance controlling insulation layer 260 may
include an organic insulation material or an inorganic insula-
tion material. For example, the optical distance controlling
insulation layer 260 may include benzocyclobutene (BCB),
polyimide, parylene, polyvinylphenol (PVP), aluminum
oxide (AlOx), barium oxide (BaOx), magnesium oxide
(MgOx), hafnium oxide (HfOx), zirconium oxide (ZrOx),
calcium oxide (CaOx), strontium oxide (SrOx), yttrium oxide
(YOx), silicon oxide (SiOx), aluminum nitride (AINx), gal-
lium nitride (GaNx), zinc sulfide (ZnSx), cadium sulfide
(CdSx), etc. Alternatively, the optical distance controlling
insulation layer 260 may include a combination of the above
organic and inorganic materials. In addition, the optical dis-
tance controlling insulation layer 260 may have a hybrid
structure that includes at least one organic film containing the
organic insulation material and at least one inorganic film
containing the inorganic insulation material.

The optical resonance layer 150 is spaced apart from the
first electrode 310 and the second electrode 320. According to
example embodiments, the optical resonance layer 150 may
produce at least one optical distance for the optical resonance
of the light generated from the light emitting structure 350
with respect to at least one of the first electrode 310 and the
second electrode 320. The term “optical resonance” or
“microcavity effect” indicates the increase of luminance and/
or intensity of light having a predetermined wavelength when
anoptical distance between two reflective or semi-transparent
faces satisfies the conditions of constructive interference of
the light having the predetermined wavelength. The term
“reflective” may be used when there is reflectivity of about
70% to about 100% relative to an incident light. The term
“semi-transparent” may be used when there is reflectivity of
about 30% to about 70% relative to an incident light. Accord-
ing to an example embodiment, the optical distance may be
substantially equal to a value obtained by multiplying the
refraction index (n) of a layer and/or an electrode, and the
thickness (d) of the layer or the electrode when a light passes
through a predetermined layer or electrode. When the light
passes through a plurality of layers or electrodes having dif-
ferent refraction indices, the whole optical distance of the
plurality of layers or electrodes may be substantially equal to
the sum (Zn-d) of respective optical distance (n-d) of each
layer or electrode.

When a plurality of layers or electrodes are disposed
between the two reflective or semi-transparent faces, the opti-
cal resonance of light between the two reflective or semi-
transparent faces may be represented by the following equa-
tion (1):

M

In the above equation (1), n, denotes an index of refraction
of a jth layer or electrode among the plurality of layers or
electrodes interposed between two reflective or semi-trans-
parent faces when a light having a predetermined wavelength
(M) passes through the jth layer or electrode. Additionally, d,
indicates a thickness of the jth layer or electrode and m
represents arbitrary integer. Furthermore, ©j means a phase
change of the light when the light passes the jth layer or
electrode or the light is reflected from the reflective or semi-
transparent face. In case that the above equation (1) is modi-
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fied relative to an optical distance, the following equation (2)
may be obtained from the above equation (1):

0; A [} 2)
=)=50m-5)

L:andj: %(m—z
J

As for the above equation (2), L represents an optical
distance for generating the optical resonance of the light
having the predetermined wavelength (7). Hereinafter, the
optical distance suitable for the optical resonance of the light
having the predetermined wavelength may be referred to as
“an optical resonance distance (L.).” Further, ® indicates the
sum of phase changes of the light generated within the optical
resonance distance (L.). @ may be in a range of —x radian to
radian. The term “peak wavelength” may be referred to as a
wavelength of light generating an optical resonance within a
specific optical resonance distance (L).

According to the above equation (2), the optical resonance
distance (L) for producing the optical resonance of the light
having the predetermined wavelength () may vary in accor-
dance with the integer (m). When the optical resonance dis-
tance (L) is relatively large, different integers (m) (i.e., the
values of the above equation (2)) respectively corresponding
to different peak wavelengths may be obtained within one
optical resonance distance (L). If the sum of the phase
changes of the light generated within the optical resonance
distance (L) is zero and the optical resonance distance (L) is
about 510 nm, the peak wavelength of the light generating the
optical resonance within such optical resonance distance (L)
may have several values of about 1,020 nm (m=1), about 510
nm (m=2), about 340 nm (m=3), about 255 nm (m=4), about
204 nm (m=5), about 170 nm (m=6), about 147.5 nm (m=7),
etc. Therefore, a plurality of peak wavelengths may be
obtained relative to one optical resonance distance (L). Gen-
erally, the visible wavelength band is about 400 nm to about
700 nm, so that, among the above-described several peak
wavelengths, only the peak wavelength of about 510 nm
(m=2) may be within the visible wavelength bands. Thus,
only one peak wavelength may exist within the visible wave-
length band when the optical resonance distance (L) has a
relatively small value, e.g., of about 510 nm.

When the optical resonance distance (L) is determined to a
relatively large value, e.g., about 1,275 nm, the peak wave-
length of the light generating the optical resonance within this
optical resonance distance (L) may have several values, i.e.
about 2,550 nm (m=1), about 1,275 nm (m=2), about 850 nm
(m=3), about 637.5 nm (m=4), about 510 nm (m=5), about
425 nm (m=6), about 364.3 nm (m=7), etc. The peak wave-
lengths of about 637.5 nm (m=4), about 510 nm (m=5), and
about 425 nm (m=6) belong to the visible wavelength band.
Thus, three peak wavelengths of visible light may be realized
when the optical resonance distance (L) is relatively large.
Accordingly, three different wavelengths of visible light may
simultaneously resonate when the optical resonance distance
(L) is a relatively large value, e.g. about 1,275 nm.

FIGS. 3 and 4 are graphs illustrating the peak wavelengths
within the visible wavelength band. In FIGS. 3 and 4, a
horizontal axis denotes the wavelength of light in nanometers
and a vertical axis indicates the luminance of light by an
arbitrary unit.

As illustrated in FIG. 3, only one visible peak wavelength,
about 510 nm, may exist when the optical resonance distance
(L) has a relatively small value, e.g. 510 nm. However, when
the optical resonance distance (L) has a relatively large value,
e.g. about 1,275 nm, three peak wavelengths, e.g. about 637.5
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nm, about 510 nm, and about 425 nm may exist. These three
peak visible wavelengths are illustrated in FIG. 4. Thus, the
number of the peak wavelengths within the visible wave-
length band of about 400 nm to about 700 nm, i.e. correspond-
ing to that of visible light, may increase as the optical reso-
nance distance (L) increases. Therefore, the optical resonance
distance (L) may be properly adjusted to simultaneously gen-
erate a plurality of optical resonances relative to different
wavelengths of visible light. In other words, lights having a
plurality of different visible wavelengths may be simulta-
neously optically resonated by controlling the optical reso-
nance distance (L).

In some example embodiments, the optical resonance dis-
tance (L) may be adjusted to simultaneously generate two
optical resonances with respect to two different wavelengths
of'visible lights. In another example embodiment, the optical
resonance distance (L) may be suitably controlled to generate
four optical resonances of four different wavelengths of vis-
ible lights, respectively. As the optical resonance distance (L)
increases, the peak wavelengths of the light within the visible
wavelength band may also increase. Thus, a plurality of
wavelengths of light may be simultaneously resonated in
accordance with the control of the optical resonance distance
(L). For example, red light may have a wavelength band of
about 600 nm to about 650 nm, green light may have a
wavelength band of about 500 nm to about 550 nm, and blue
light may have a wavelength band of about 410 nm to about
460 nm. When the optical resonance distance (L) may be
about 1.275 nm, optical resonances for the peak wavelengths
of'about 637.5 nm, about 519 nm, and about 425 nm, respec-
tively corresponding to the red light, the green light, and the
blue light, may simultaneously occur as described above.

As described above, since the whole optical distance may
be the sum of respective optical distance of each layer and/or
electrode obtained by multiplying the refraction indices and
the geometrical thicknesses, the optical resonance distance
(L) may be substantially smaller than the sum of the geometri-
cal thicknesses of the layers and/or electrodes. An organic
insulation material, an inorganic material, and an organic
material employed in the display device may have refraction
indices of about 1.5 to about 3.0, so that the optical resonance
distance (L) may be in a range of about %4 to about %4.

Referring to FIGS. 1 and 2, the second electrode 320 may
be a reflective electrode having reflectivity when the display
device has a bottom emission type. The optical resonance
layer 150 may be a semi-transparent layer for partially reflect-
ing the incident light and partially transmitting the incident
light. As described above, the reflective electrode may have a
reflectivity of about 70% to about 100%, whereas the semi-
transparent layer may have a reflectivity of about 30% to
about 70%.

When the second electrode 320 is the reflective electrode,
the second electrode 320 may include metal and/or alloy
having a relatively high reflectivity. For example, the second
electrode 320 may include silver (Ag), aluminum (Al), plati-
num (Pt), gold (Au), chrome (Cr), tungsten (W), molybde-
num (Mo), titanium (T1), palladium (Pa), an alloy thereof, etc.
These may be used alone or in a combination thereof.

When the optical resonance layer 150 is semi-transparent,
the optical resonance layer 150 may include a single thin
metal film. The optical resonance layer 150 may ensure a
desired reflectivity and a predetermined transmittance. When
the thin metal film has a relatively thick thickness, the optical
resonance layer 150 may have poor luminance efficiency.
Thus, the thin metal film in the optical resonance layer 150
may have a thickness below about 30 nm. Examples of metal
in the optical resonance layer 150 may include silver, an alloy
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containing silver, aluminum, an alloy containing aluminum,
magnesium, an alloy containing magnesium, molybdenum,
an alloy containing molybdenum, an alloy of Ag—Cu—Au
(ACA), an alloy of Ag—Pa—Cu (APC), etc. These metals
may be used alone or in a combination thereof. When the
optical resonance layer 150 includes the thin metal film, the
display device may further include a lower insulation layer
180 for electrically insulating the optical resonance layer 150
from the switching device because the optical resonance layer
150 may have electrical conductivity.

In some example embodiments, the optical resonance layer
150 may include other material for reflecting and transmitting
incident light besides the thin metal film. In some example
embodiments, the optical resonance layer 150 may have a
multi layer structure that includes at least different transpar-
ent or semi-transparent films having different refraction indi-
ces.

According to example embodiments, the optical resonance
layer 150 may provide at least one optical resonance distance
for at least one optical resonance for the light generated from
the light emitting structure 350 with respect to at least one of
the first electrode 310 and the second electrode 320.

As for the display device illustrated in FIGS. 1 and 2, the
optical resonance layer 150 is positioned between the sub-
strate 100 and the switching structure 200. When the optical
resonance layer 150 is semi-transparent and the second elec-
trode 320 has reflectivity, an optical resonance of the light
provided from the light emitting structure 350 may occur
between an upper face of the optical resonance layer 150 and
a bottom face of the second electrode 320. In example
embodiments, the optical resonance layer 150 may form a
first optical resonance distance (L.1) relative to the second
electrode 320. That is, the first optical resonance distance
(L1) may be provided between the bottom face of the second
electrode 320 and the upper face of the optical resonance
layer 150.

According to example embodiments, the first optical reso-
nance distance ([.1) may be determined to simultaneously
generate optical resonances of three different wavelengths of
visible light, respectively. The optical resonance layer 150
may be separated from the first and the second electrodes 310
and 320. Thus, the optical resonance layer 150 may be spaced
apart from the first electrode 310 by interposing the switching
structure 200 therebetween. Accordingly, the first optical
resonance distance ([.1) may be substantially larger than an
optical distance between the first electrode 310 and the sec-
ond electrode 320.

The first optical resonance distance (1) may be adjusted
by controlling thicknesses and/or refraction indices of a plu-
rality of layers disposed between the optical resonance layer
150 and the second electrode 320. When an optical distance
between the bottom face of the second electrode 320 and the
bottom face of the first electrode 310 is previously set, the first
optical resonance distance (I.1) may be adjusted by control-
ling a thickness and/or a refraction index of the switching
structure 200 between the first electrode 310 and the optical
resonance layer 150. For example, the first optical resonance
distance (L.1) may be adjusted to have a relatively large value
to simultaneously generate the optical resonances of the three
different visible lights. The optical resonances occur because
the switching structure 200, including various insulation lay-
ers, may be located between the optical resonance layer 150
and the first electrode 310. For example, the first optical
resonance distance (L.1) may be controlled to generate three
peak wavelengths corresponding to those ofthe red, the green
and the blue light as illustrated in FIG. 4.
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When the first optical resonance distance (1) is deter-
mined for simultaneously generating the optical resonances
of'the red, the green and the blue light, the display device may
have improved color purity without adjusting optical dis-
tances of respect color pixel regions of the display device. For
example, the color pixel regions may not include emitting
layers having different thicknesses. The color pixels may not
include additional subsidiary electrodes having different
thicknesses. The additional subsidiary electrodes having dif-
ferent thicknesses may not be required in order to control
optical distances relative to the color pixel regions. Thus, the
display device may be manufactured with low cost without
requiring additional layers, electrodes, etc. In addition, the
color pixels may be obtained without using different masks
relative to the color pixels, because all of the color pixels in
the display device may have substantially the same construc-
tion. Therefore, the processes for manufacturing the display
device may be simplified. Furthermore, the thickness of vari-
ous insulation layers including the optical distance control-
ling insulation layer 260 of the switching structure 200 may
be easily and precisely controlled. Thus, because the thick-
ness of various insulation layers may be easily and precisely
controlled, the first optical resonance distance (L.1) may also
be accurately adjusted to cause an optical resonance of light
having a desired wavelength. According to example embodi-
ments, the optical resonance layer 150 may not serve as an
electrode or a subsidiary electrode, so that the optical reso-
nance layer 150 may not be patterned by the color pixel
regions. Accordingly, the optical resonance layer 150 may be
easily formed on the substrate 100.

The optical resonance layer 150 may be directly formed on
the substrate 100. In some example embodiments, a buffer
layer 120 may be disposed between the substrate 100 and the
optical resonance layer 150. The buffer layer 120 may include
an organic material or an inorganic material having a rela-
tively large refraction index. The buffer layer 120 may have a
refraction index substantially larger than that of the optical
resonance layer 150 or that of the substrate 100. When the
buffer layer 120 having the refraction index larger than that of
the optical resonance layer 150 is interposed between the
substrate 100 and the optical resonance layer 150, the reflec-
tivity of the light at an interface between the buffer layer 120
and the optical resonance layer 150 may be improved. When
the optical resonance layer 150 includes the thin metal film,
the thin metal film may have a considerably thin thickness for
transmitting the light. Thus, the thin metal film may not have
sufficient reflectivity for generating the optical resonance of
the light. When the buffer layer 120 having the relatively large
refraction index is provided between the substrate 100 and the
optical resonance layer 150, the reflectivity of the light at the
interface between the buffer layer 120 and the optical reso-
nance layer 150 may be enhanced. Additionally, the buffer
layer 120 may enhance adhesion strength between the sub-
strate 100 and the optical resonance layer 150.

FIG. 5 is a graph illustrating luminance difference of peak
wavelengths between a display device having a buffer layer
and a display device without a buffer layer.

As illustrated in FIG. 5, the display device, which includes
a buffer layer between a substrate and an optical resonance
layer, may ensure peak wavelengths higher than those of the
display device which does not include a bufter layer. There-
fore, the display device may have improved luminance when
the display device includes the buffer layer.

In example embodiments, the first electrode 310 may be a
transparent electrode having a predetermined transmittance.
The first electrode 310 may be a transparent electrode having
a transmittance of about 70% to about 100%. The first elec-

20

30

35

40

45

55

14

trode may include transparent conductive metal oxide or
transparent inorganic material doped with metal when the
first electrode 310 is the transparent electrode. For example,
the first electrode 310 may include indium tin oxide (ITO),
indium zinc oxide (I1Z0), tin oxide (TO), zinc oxide (ZnOx),
etc. Alternatively, the first electrode 310 may include silicon
nitride, magnesium fluoride (MgFx), lithium fluoride (LiFx),
silicon oxide or titanium oxide doped with lithium (L1i),
cesium (Cs), calcium (Ca), aluminum, etc. When the first
electrode 310 is the transparent electrode, an optical reso-
nance may not substantially occur between the optical reso-
nance layer 150 and the first electrode 310 or between the first
electrode 310 and the second electrode 320.

In some example embodiments, the first electrode 310 may
be a semi-transparent electrode having a predetermined trans-
mittance. For example, the first electrode 310 may be a semi-
transparent electrode having a reflectivity in a range of about
30% to about 70%. The first electrode between the optical
resonance layer 150 and the second electrode 320 may not
have a relatively high reflectivity. The semi-transparent first
electrode 310 may include a thin metal film substantially the
same as or substantially similar to that of the optical reso-
nance layer 150. Alternatively, the semi-transparent first elec-
trode 310 may include other materials that may partially
transmit and partially reflect an incident light.

When the first electrode 310 is the transparent electrode, an
additional optical resonance structure may not be required
except for the optical resonance structure between the optical
resonance layer 150 and the second electrode 320. However,
when the first electrode 310 is the semi-transparent electrode,
the first electrode 310 may partially reflect the light generated
from the light emitting structure 350. The first electrode 310
may partially reflect the light generated from the light emit-
ting structure 350 so that an additional optical resonance
structure may be provided between the optical resonance
layer 150 and the second electrode 320. According to some
example embodiments, a second optical resonance distance
(L2) may be provided between the upper face of the optical
resonance layer 150 and a bottom face of the first electrode
310. Further, a third optical resonance distance (I.3) may be
provided between an upper face of the first electrode 310 and
abottom face of the second electrode 320. In other words, the
display device may include a plurality of optical resonance
structures.

When the first electrode 310 is the transparent electrode
and one optical resonance structure is provided between the
optical resonance layer 150 and the second electrode 320, the
first optical resonance distance (I.1) may be determined to
simultaneously generate optical resonances of the red light,
the green light and the blue light. Thus, the display device
may have enhanced color purity without adjusting optical
distances of respective color pixel regions of the display
device. Generally, a display device may have a relative large
thickness because an optical distance in the display device
increases when the display device includes one optical reso-
nance structure for generating a plurality of peak wave-
lengths. However, according to example embodiments, the
display device may have a thin thickness without requiring
additional layers for controlling an optical distance because
the insulation layers of the switching structure 200 may be
used as an optical distance controlling layer 260.

When the first electrode 310 is the semi-transparent elec-
trode and two or three optical resonance structures are pro-
vided between the optical resonance layer 150 and the second
electrode 320, the first optical resonance distance ([.1) may
not be determined to simultaneously generate the optical
resonances of the red, the green and the blue lights. For



US 9,054,337 B2

15

example, each of the first optical resonance distance (L1), the
second optical resonance distance (I.2), and the third optical
resonance distance (L.3) may be determined to generate one
peak wavelength within the wavelength bands of the visible
lights. In example embodiments, the first optical resonance
distance (1), the second optical resonance distance (1.2), and
the third optical resonance distance (L.3) may be determined
to generate a first peak wavelength, a second peak wave-
length, and a third peak wavelength corresponding to difter-
ent colors of light having wavelengths within wavelength
bands of red light, green light and blue light, respectively. For
example, the first resonance distance (I.1) may be determined
to generate one peak wavelength within a relatively large
wavelength band of the red light, and the second resonance
distance (I.2) may be set to generate another peak wavelength
belonging to the wavelength band of the green light. Addi-
tionally, the third optical resonance distance (I.3) may be
determined to generate another peak wavelength within the
relatively small wavelength band of the blue light. That is, the
first, the second and the third optical resonance distances (L1,
L2 and [.3) may be determined to respectively generate peak
wavelengths corresponding to different colors of light within
wavelength bands of the red, the green, and the blue light.
Accordingly, the optical resonances of the red, the green, and
the blue light may be simultaneously generated using three
optical resonance structures among the optical resonance
layer 150, the first electrode 310, and the second electrode
320. Thus, the first, the second, and the third optical reso-
nance distances (L1, .2 and [.3) may be set to generate peak
wavelengths within the wavelength bands of the red, the
green, and the blue light, respectively.

Each of'the first, the second, and the third optical resonance
distances (L1, .2, and 1.3) may be determined to generate one
peak wavelength among three peak wavelengths within the
wavelength bands of the red, the green, and the blue light.
Thus, the display device may ensure improved characteristics
substantially the same as or substantially similar to those of
the display device including one optical resonance structure
(i.e., the optical resonance structure including the first optical
resonance distance (L1)) provided between the optical reso-
nance layer 150 and the second electrode 320. When the first,
the second, and the third optical resonance distances (I.1, .2,
and [.3) are determined to cause the optical resonances of the
red, the green, and the blue light, respectively, the color pixels
of'the display device may not require emitting layers having
different thicknesses and/or additional subsidiary electrodes
having different thicknesses to control respective optical dis-
tance relative to the color pixels. Thus, the display device may
be manufactured at a low cost without requiring additional
layers, electrodes, etc. Furthermore, the color pixels may be
obtained without using different masks for each color pixel
because all of the color pixels may have substantially same
constructions, so the processes for manufacturing the display
device may be more simplified.

In some example embodiments, each of the first optical
resonance distance (1), the second optical resonance dis-
tance (1.2), and the third optical resonance distance (L.3) may
be determined to simultaneously generate optical resonances
of visible light having different wavelengths. For example,
each of the first, the second, and the third optical resonance
distances (L1, [.2 and [.3) may be set to simultaneously
generate the optical resonances of the red light, the green
light, and the blue light. Therefore, the display device may
enhance color purity and luminance efficiency.

According to some example embodiments, the third optical
resonance distance (I.3) may be adjusted by controlling vari-
ous layers (e.g., the hole transferring layer, the emitting layer,
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the electron transferring layer, etc) disposed between the first
electrode 310 and the second electrode 320. For example, the
third optical resonance distance (I.3) may be set to generate a
peak wavelength within the wavelength band of the blue light.

In case that the third optical resonance distance (L.3) is
determined, the first optical resonance distance (I.1) and/or
the second optical resonance distance (I.2) may be adjusted
by controlling a thickness and/or a refraction index of the
switching structure 200 positioned between the optical reso-
nance layer 150 and the first electrode 310. Since the switch-
ing structure 200 having various insulation layers are posi-
tioned between the optical resonance layer 150 and the first
electrode 310, the first and the second optical resonance dis-
tances (L1 and [.2) may be easily and variously adjusted for
desired wavelengths of the lights provided from the light
emitting structure 350. For example, the first optical reso-
nance distance ([.1) may be adjusted to generate the optical
resonance of the red light. Furthermore, the second optical
resonance distance (I.2) may be controlled to cause the opti-
cal resonance of the green light.

As described above, the optical resonances of light having
different wavelengths may be simultaneously generated with-
out forming the color pixels having different constructions for
emitting different colors of light. Accordingly, manufacturing
processes for the display device may be simplified with low
cost without requiring emitting layers having different thick-
nesses and/or forming any additional layers or subsidiary
electrodes, because all of the color pixels may have substan-
tially the same or substantially similar constructions. In addi-
tion, the thickness of the switching structure 200, including
various insulation layers besides the optical distance control-
ling layer 260, may be precisely controlled. Therefore, the
optical resonance distance for generating the optical reso-
nance of the desired wavelengths of the light may be accu-
rately adjusted.

FIG. 6 is a cross sectional view illustrating a display device
having an active matrix type in accordance with example
embodiments. The display device illustrated in FIG. 6 may
have a construction substantially the same as or substantially
similar to that of the display device described with reference
to FIGS. 1 and 2 except for the emission types of the display
devices. For example, the display device in FIG. 6 may have
a top emission type or a both-sides emission type. Therefore,
detailed descriptions of elements of the display device in FIG.
6 substantially the same as or substantially similar to those of
the display device in FIGS. 1 and 2 will be omitted or sim-
plified.

Referring to FIG. 6, the display device includes a first
substrate 100, a light emitting structure 350 disposed on the
first substrate 100, a first electrode disposed between the first
substrate 100 and the light emitting structure 350, a second
electrode 320 disposed on the light emitting structure 350,
and an optical resonance layer 150 separated from the first
and the second electrodes 310 and 320.

The display device may further include a switching struc-
ture 200 provided between the first substrate 100 and the first
electrode 310. The switching structure 200 may include, for
example, a switching device such as a driving thin film tran-
sistor and a plurality of insulation layers 220, 240, and 260.
The switching device illustrated in FIG. 6 may have a top gate
structure in which a gate electrode 231 is positioned over a
semiconductor layer 210. The switching device may have a
bottom gate structure including a gate electrode located
below a semiconductor layer.

The switching structure 200 includes an optical distance
controlling insulation layer 260. The optical distance control-
ling insulation layer 260 may protect the switching device and
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may electrically insulate the switching device from upper
structures. The optical distance controlling insulation layer
260 may ensure or adjust at least one predetermined optical
distance for the optical resonance of a light emitted from the
light emitting structure 350.

The optical distance controlling insulation layer 260 may
be spaced apart from the first electrode 310 and the second
electrode 320. The optical distance controlling insulation
layer 260 may provide at least one optical resonance distance
for the optical resonance of the light with respect to at least
one of the first electrode 310 and the second electrode 320.

In example embodiments, the display device may have the
top emission type. Here, the second electrode 320 may serve
as a semi-transparent electrode for partially reflecting and
partially transmitting the light, and the optical resonance
layer 150 may be reflective.

When the second electrode 320 is the semi-transparent
electrode, the second electrode 320 may include a single thin
metal film. The second electrode 320 may ensure predeter-
mined reflectivity and desired transmittance. Thus, the thin
metal film in the second electrode 320 may have a relatively
thin thickness below about 30 nm because a thick metal film
has poor luminous efficiency. The second electrode 320 may
include silver, an alloy containing silver, aluminum, an alloy
containing aluminum, magnesium, an alloy containing mag-
nesium, molybdenum, an alloy containing molybdenum, an
alloy of ACA, an alloy of APC, etc. These may be used alone
or in a combination thereof.

When the optical resonance layer 150 has reflectivity, the
optical resonance layer 150 may include silver, aluminum,
platinum, gold, chrome tungsten, molybdenum, titanium,
palladium, an alloy thereof, etc. These materials may be used
alone or in a mixture thereof.

As for the display device illustrated in FIG. 6, the optical
resonance layer 150 is located between the first substrate 100
and the switching structure 200. When the second electrode
320 is semi-transparent and the optical resonance layer 150 is
reflective, an upper face of the optical resonance layer 150
and a bottom face of the second electrode 320 may corre-
spond to two faces which the optical resonance of the light
may occur. In example embodiments, the optical resonance
layer 150 may provide a first optical resonance distance (L1)
between the upper face of the optical resonance layer 150 and
the bottom face of the second electrode 320. This first optical
resonance distance (L.1) may be substantially the same as or
substantially similar to the first optical resonance distance
(L1) described with reference to FIG. 1.

The first optical resonance distance (I.1) may be adjusted
by controlling thicknesses and/or refraction indices of the
insulation layers of the switching structure 200 between the
optical resonance layer 150 and the second electrode 320. If
an optical distance between the bottom face of the second
electrode 320 and a bottom face of the first electrode 310 is
previously set, the first optical resonance distance (1) may
be more easily controlled by adjusting a thickness and/or a
refraction index of the switching structure 200. The switching
structure 200 is located between the optical resonance layer
150 and the second electrode 320.

In example embodiments, the first electrode 310 may serve
as a transparent electrode having predetermined transmit-
tance. Alternatively, the first electrode 310 may serve as a
semi-transparent electrode having predetermined transmit-
tance. When the first electrode 310 serves as the transparent
electrode, an additional optical resonance structure may not
be required in the display device. However, an optical reso-
nance structure may be required when an optical resonance
structure is between the optical resonance layer 150 and the
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second electrode 320. Additional optical resonance structures
may be provided in the display device besides the optical
resonance structure between the optical resonance layer 150
and the second electrode 320 when the first electrode 310
serves as the semi-transparent electrode. For example, a sec-
ond optical resonance distance (L2) may be provided
between the upper face of the optical resonance layer 150 and
the bottom face of the first electrode 310. Further, a third
optical resonance distance (I.3) may be provided between the
upper face of the first electrode 310 and the bottom face of the
second electrode 320. The second and the third optical reso-
nance distances (L2 and [.3) may be substantially the same as
or substantially similar to those described with reference to
FIG. 1.

According to some example embodiments, the display
device may have the both-sides emission type. Here, the
second electrode 320 may have desired semi-transmittance
for partially reflecting and partially transmitting the light.
Furthermore, the optical resonance layer 150 may have pre-
determined transmittance. When the second electrode 320
and the optical resonance layer 150 are semi-transparent, the
upper face of the optical resonance layer 150 and the bottom
face of the second electrode 320 may function as two faces for
generating the optical resonance of the light. That is, a first
optical resonance distance (I.1) may be provided between the
upper face of the optical resonance layer 150 and the bottom
face of the second electrode 320. Additionally, the first elec-
trode 310 may be a transparent electrode having desired trans-
mittance or a reflective electrode having predetermined
reflectivity. When the first electrode 310 serves as the reflec-
tive electrode, an additional optical resonance structure may
be provided in the display device besides an optical resonance
structure provided between the optical resonance layer 150
and the second electrode 320 because the first electrode 310
may partially reflect the light. Thus, a second optical reso-
nance distance (I.2) may be provided between the upper face
of the optical resonance layer 150 and the bottom face of the
first electrode 310. Furthermore, a third optical resonance
distance (1.3) may be provided between the upper face of the
first electrode 310 and the bottom face of the second electrode
320. Here, the first and the second optical resonance distances
(L2 and L.3) may be substantially the same as or substantially
similar to those described with reference to FIG. 1.

When the display device has the top emission type or the
both-sides emission type, the display device may further
include a second substrate 400 corresponding to the first
substrate 100. The second substrate 400 may be combined
with the first substrate 100 to seal elements of the display
device between the first and the second substrates 100 and
400. For example, the first and the second substrates 100 and
400 may be attached each other using a sealing member
positioned in peripheral portions of the first and the second
substrates 100 and 400.

When the light emitting structure 350 includes a plurality
of colored emitting layers for generating different color
lights, the display device may additionally include a color
filter 50 disposed beneath the second substrate 400 to corre-
spond to the light emitting structure 350. In another example
embodiment, the color filter 50 may be omitted when the light
emitting structure 350 includes different colored emitting
layers disposed in different color pixel regions generating
different colors of light. The different color lights may be, for
example, red light, green light, blue light.

As described above, the inventive concept according to
example embodiments may be employed in various display
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devices having, for example, the top emission type or the
both-sides emission type besides the display device having
the bottom emission type.

FIG. 7 is a cross sectional view illustrating a display device
in accordance with example embodiments. FIG. 8 is a cross
sectional view illustrating a display device having a passive
matrix (PM) type in accordance with example embodiments.

Referring to FIGS. 7 and 8, the display device includes a
substrate 100, a first electrode 310, a light emitting structure
350, a second electrode 320, an optical distance controlling
layer 460, and an optical resonance layer 430.

The light emitting structure 350 may be disposed between
the first electrode 310 and the second electrode 320. The
optical distance controlling layer 460 may be located over the
first electrode 310, the second electrode 320, and the light
emitting structure 350.

When the display device may utilize the mechanism of
organic electroluminescent, the light emitting structure 350
may include an organic layer. For example, the light emitting
structure 350 may include a hole transferring layer 353, an
emitting layer 355 and an electron transferring layer 357. The
emitting layer 355 may include different luminous materials
relative to different color pixel regions of the display device to
generate different colors of light, for example, red light, green
light, blue light, etc. In some example embodiments, the
emitting layer 355 may include a mixture of different lumi-
nous materials generating different colors of light. Alterna-
tively, the emitting layer 355 may have a multi layer structure
that includes a plurality of layers for generating the colors of
lights, e.g. the red light, the green light, the blue light, etc.
Thus, white light may be generated from the emitting layer
355.

In example embodiments, the first electrode 310 may serve
as an anode for providing the hole transferring layer 353 with
holes. The second electrode 320 may function as a cathode for
supplying the electron transferring layer 357 with electrons.
To reduce a driving voltage of the display device while
enhancing a luminous efficiency thereof, a hole injection
layer (HIL) (not illustrated) may be interposed between the
first electrode 310 and the hole transferring layer 353. Addi-
tionally, an electron injection layer (EIL) may be disposed
between the electron transferring layer 357 and the second
electrode 320. However, the inventive concept may not be
limited to the above-described construction. In some example
embodiments, the first electrode 310 and the second electrode
320 may serve as a cathode and an anode, respectively. In this
case, an electron transferring layer, an emitting layer, a hole
transferring layer, and the second electrode 320 may be suc-
cessively provided on the first electrode 310.

When the light emitting structure 350 includes a plurality
of'emitting layers generating different color lights to produce
a while light according to some example embodiments, the
display device may additionally include a color filter corre-
sponding to the emitting structure 350. Alternatively, the
color filter may not be required when the light emitting struc-
ture 350 includes different luminous materials for generating
different color lights in respective color pixel regions.

The display device may further include a separating insu-
lation layer 370. The separating insulation layer 370 insulates
two first electrodes 310 respectively formed in adjacent pixel
regions and divides the pixel regions. The separating insula-
tion layer 370 exposes the first electrode 310 to the light
emitting structure 350 to electrically connect the first elec-
trode 310 to the light emitting structure 350.

The optical resonance layer 430 is spaced apart from the
first electrode 310 and the second electrode 320. According to
example embodiments, the optical resonance layer 430 may
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produce at least one optical resonance distance for the optical
resonance of the light generated from the light emitting struc-
ture 350 with respect to at least one of the first electrode 310
and the second electrode 320. Since the optical resonance and
the optical resonance distance have been already described in
detail with referenceto FIG. 1 and F1G. 2, any further descrip-
tions will be omitted.

The optical distance controlling layer 460 may be used to
adjust at least one optical resonance distance between the
optical resonance layer 430 and at least one of the first elec-
trode 310 and the second electrode 320. For example, the
optical resonance distance (“L.” in the above equation (2))
provided between the optical resonance layer 430 and at least
one of the first electrode 310 and the second electrode 320
may be adjusted by controlling at least one of a thickness and
arefraction index of the optical distance controlling layer 460
disposed between the optical resonance layer 430 and the
second electrode 320.

The optical distance controlling layer 460 may include an
organic insulation material or an inorganic insulation mate-
rial. For example, the optical distance controlling layer 460
may include benzocyclobutene (BCB), polyimide, parylene,
polyvinylphenol (PVP), aluminum oxide, barium oxide,
magnesium oxide, hafnium oxide, zirconium oxide, calcium
oxide, strontium oxide, yttrium oxide, silicon oxide, alumi-
num nitride, gallium nitride, zinc sulfide, cadmium sulfide,
etc. Alternatively, the optical distance controlling layer 460
may include a combination of the above organic and inor-
ganic materials, or may have a hybrid structure that includes
at least one organic film containing the above organic insula-
tion material and at least one inorganic film containing the
above inorganic insulation material.

The optical resonance layer 430 may have reflectivity
when the display device has a bottom emission type. The
optical resonance layer 430 may include metal and/or alloy.
For example, the optical resonance layer 430 may include
silver, aluminum, platinum, gold, chrome, tungsten, molyb-
denum, titanium, palladium, an alloy thereof, etc. These may
be used alone or in a combination thereof.

When the display device has a bottom emission type, the
first electrode 310 may be semi-transparent for partially
reflecting the incident light and partially transmitting the
incident light. The first electrode 310, being semi-transparent,
may include a single thin metal film. The first electrode 310
may ensure a desired reflectivity and a predetermined trans-
mittance. Examples of metal in the optical resonance layer
430 may include silver, an alloy containing silver, aluminum,
an alloy containing aluminum, magnesium, an alloy contain-
ing magnesium, molybdenum, an alloy containing molybde-
num, an alloy of AGA, an alloy of APC, etc. These may be
used alone or in a combination thereof. In some example
embodiments, the first electrode 310 may include other mate-
rial for reflecting and transmitting an incident light besides
the thin metal film. Alternatively, the first electrode 310 may
have a multi layer structure that includes at least different
transparent or semi-transparent films with different refraction
indices.

When the optical resonance layer 430 is reflective and the
first electrode 310 is semi-transparent, an upper face of the
first electrode 310 and a bottom face of the optical resonance
layer 430 may function as two faces between which the opti-
cal resonance of the light may occur. In example embodi-
ments, the optical resonance layer 430 may provide a first
optical resonance distance (I.1) between the upper face of the
first electrode 310 and the bottom face of the optical reso-
nance layer 430.
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According to example embodiments, the first optical reso-
nance distance ([.1) may be determined to simultaneously
generate optical resonances of three different wavelengths of
visible light, respectively. It is noted that the optical reso-
nance layer 430 does not correspond to the electrodes dis-
posed at both sides of the light emitting structure 350. Since
the optical resonance layer 430 is not an electrode or an
additional subsidiary electrode, the optical resonance layer
430 may not be patterned in each pixel region. For example,
the color pixel regions may not include emitting layers having
different thicknesses and additional subsidiary electrodes
having different thicknesses may not be required in order to
control optical distances relative to the color pixel regions.
The optical resonance layer 430 is spaced apart from the
second electrode 320 by interposing the optical distance con-
trolling layer 460 therebetween. Accordingly, the first optical
resonance distance (I.1) may be substantially larger than an
optical distance between the first electrode 310 and the sec-
ond electrode 320.

The first optical resonance distance (I.1) may be adjusted
by controlling thicknesses and/or refraction indices of a plu-
rality of layers disposed between the optical resonance layer
430 and the first electrode 310. When an optical distance
between an upper face of the first electrode 310 and an upper
face of the second electrode 320 is previously set, the first
optical resonance distance (I.1) may be adjusted by control-
ling a thickness and/or a refraction index of the optical dis-
tance controlling layer 460. The optical distance controlling
layer is disposed between the second electrode 320 and the
optical resonance layer 430. For example, the first optical
resonance distance (L.1) may be adjusted to have a relatively
large value to simultaneously generate the optical resonances
of the three different wavelengths of visible light. As
described with reference to the above equation (1), the num-
ber of the peak wavelengths with the visible wavelength band
may increase as the optical resonance distance (L) increases.

In some example embodiments, the first optical resonance
distance (L.1) may be controlled to generate three peak wave-
lengths respectively corresponding to those of the red, the
green, and the blue light, illustrated in FIG. 4. When the first
optical resonance distance (I.1) is determined for simulta-
neously generating the optical resonances of the red, the
green and the blue lights, the display device may have
improved purity of color without adjusting optical distances
of respect color pixel regions of the display device. For
example, the color pixel regions may not include emitting
layers having different thicknesses and additional subsidiary
electrodes having different thicknesses may not be required in
order to control optical distances relative to the color pixel
regions. Thus, the display device may be manufactured with
low cost without requiring additional layers, electrodes, etc.
Additionally, the color pixels may be obtained without using
different masks relative to the color pixels because all of the
color pixels in the display device may have substantially the
same constructions. Therefore, the processes for manufactur-
ing the display device may be simplified. Furthermore, the
first optical resonance distance (L.1) may be adjusted by con-
trolling at least one of a thickness and a refraction index of the
optical distance controlling layer 460 disposed between the
second electrode 320 and the optical resonance layer 430.
Thus, the first optical resonance distance (L.1) may be accu-
rately adjusted to cause an optical resonance of light having a
desired wavelength.

When the first electrode 310 is semi-transparent, a buffer
layer 120 may be disposed between the substrate 100 and the
first electrode 310. The buffer layer 120 may include an
organic material or an inorganic material having a relatively
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large refraction index. The buffer layer 120 may have a refrac-
tion index substantially larger than that of the substrate 100 or
that of the first electrode 310. When the buffer layer 120
having the refraction index larger than that of the first elec-
trode 310 is interposed between the substrate 100 and the first
electrode 310, the reflectivity of the light at an interface
between the buffer layer 120 and the optical resonance layer
430 may be improved. Additionally, the buffer layer 120 may
enhance adhesion strength between the substrate 100 and the
first electrode 310.

In example embodiments, the second electrode 320 may
function as a transparent electrode having a predetermined
transmittance. In other example embodiments, the second
electrode 320 may serve as a semi-transparent electrode hav-
ing a predetermined transmittance. When the second elec-
trode 320 serves as the transparent electrode, an additional
optical resonance structure may not be provided. However, an
additional optical resonance structure may be provided when
the optical resonance structure is between the optical reso-
nance layer 430 and the first electrode 310. Thus, when the
second electrode 320 serves as the semi-transparent elec-
trode, the second electrode 320 may partially reflect the light
generated from the light emitting structure 350, so that an
additional optical resonance structure may be provided
between the optical resonance layer 430 and the first elec-
trode 310. According to some example embodiments, a sec-
ond optical resonance distance (L2) may be provided
between the upper face of the second electrode 320 and a
bottom face of the optical resonance layer 430. Further, a third
optical resonance distance (L.3) may be provided between an
upper face of the first electrode 310 and a bottom face of the
second electrode 320. In other words, the display device may
include a plurality of optical resonance structures.

When the second electrode 320 serves as the semi-trans-
parent electrode and two or three optical resonance structures
are provided between the upper face of the first electrode 310
and the bottom face of the optical resonance layer 430, the
first optical resonance distance (L.1) may not be determined to
simultaneously cause the optical resonances of the red, the
green, and the blue light. For example, each of the first optical
resonance distance (1), the second optical resonance dis-
tance (L.2), and the third optical resonance distance (L.3) may
be determined to generate one peak wavelength within the
visible wavelength band. In example embodiments, the first
optical resonance distance (1), the second optical resonance
distance (1.2), and the third optical resonance distance (L3)
may be determined to generate a first peak wavelength, a
second peak wavelength and a third peak wavelength corre-
sponding to different colors of light having wavelengths
within wavelength bands of red light, green light, and blue
light, respectively. The first resonance distance (L.1) may be
determined to generate one peak wavelength within the red
wavelength band having relatively long wavelengths, the sec-
ond resonance distance (L.2) may be determined to generate
another peak wavelength belonging to the green wavelength
band. The third optical resonance distance (I.3) may be deter-
mined to generate another peak wavelength within the blue
wavelength band having relatively shorter wavelengths.
Thus, the first, the second, and the third optical resonance
distances (L1, .2 and [.3) may be determined to respectively
generate peak wavelengths corresponding to different colors
oflight having wavelength bands of the red, the green, and the
blue light, respectively. Accordingly, the optical resonances
of'the red, the green, and the blue light may be simultaneously
generated using three optical resonance structures among the
optical resonance layer 430, the first electrode 310, and the
second electrode 320.
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Each of'the first, the second, and the third optical resonance
distances (L1, .2, and 1.3) may be determined to generate one
peak wavelength among three peak wavelengths belonging to
the wavelength bands of the red, the green and the blue light,
respectively. Thus, the display device may ensure improved
characteristics substantially the same as or substantially simi-
lar to those of the display device including one optical reso-
nance structure (i.e., the optical resonance structure including
the first optical resonance distance (I.1)) provided between
the upper face of first electrode 320 and the bottom of the
optical resonance layer 430. When the first, the second, and
the third optical resonance distances (L1, [.2, and [.3) are
determined to cause the optical resonances of the red, the
green, and the blue lights, respectively, the color pixels of the
display device may not require emitting layers having difter-
ent thicknesses and/or additional subsidiary electrodes hav-
ing different thicknesses to control respective optical distance
relative to the color pixels. Therefore, the display device may
be manufactured with low cost without requiring additional
layers, electrodes, etc. Furthermore, the color pixels may be
obtained without using different masks for each color pixel
because all of the color pixels divided by the separating insu-
lation layer 370 may have substantially same constructions.
Thus, the processes for manufacturing the display device may
be more simplified.

In other example embodiments, each of the first optical
resonance distance (1), the second optical resonance dis-
tance (1.2), and the third optical resonance distance (L.3) may
be determined to simultaneously generate optical resonances
of visible lights having different wavelengths. For example,
each of the first, the second and the third optical resonance
distances (L1, L2, and L3) may be set to simultaneously
generate the optical resonances of the red light, the green
light, and the blue light. Therefore, the display device may
ensure more enhanced color purity and luminance efficiency.

FIG. 9 is a graph comparing the luminance of a display
device including a semi-transparent second electrode with the
luminance of a display device including a transparent second
electrode, in accordance with example embodiments. In FIG.
9, ahorizontal axis denotes the wavelength of light in nanom-
eters and a vertical axis indicates the luminance of light by an
arbitrary unit.

The solid line represents the luminance when the second
electrode 320 is transparent, and the dotted line represents the
luminance when the second electrode 320 is semi-transpar-
ent. When the display device illustrated in FIG. 7 has abottom
emission type, the first electrode 310 may be semi-transpar-
ent, and the optical resonance layer 430 may be reflective.
When the second electrode 320 serves as a transparent elec-
trode, a single resonance structure may be produced by one
reflective layer and one semi-transparent layer. However,
when the second electrode 320 functions as a semi-transpar-
ent electrode, a multi resonance structure may be produced by
one reflective layer and two semi-transparent layers.

As illustrated in FIG. 9, when the second electrode 320
serves as a semi-transparent electrode the blue peak wave-
length (i.e., in a range of about 450 nm to about 460 nm in
FIG. 9) and the green peak wavelength (i.e., in a range of
about 520 nm to about 530 nm in FIG. 9) may be substantially
sharper than those when the second electrode 320 functions
as a transparent electrode. The sharper peak wavelength rep-
resents an enhancement of the color purity. Furthermore,
when the second electrode 320 serves as a semi-transparent
electrode, the optical resonance distance may be adjusted to
produce the red peak wavelength (having a relatively long
wavelength within the red wavelength band, i.e. at an upper
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end thereof, in a range of about 630 nm to about 640 nm in
FIG. 9). This relatively long red peak wavelength produces a
deep red color light.

Referring now to FIGS. 7 and 8, the third optical resonance
distance (I.3) may be adjusted by controlling various layers
(e.g., a hole transferring layer, an emitting layer, a electron
transferring layer, etc) disposed between the first electrode
310 and the second electrode 320. In some example embodi-
ments, the third optical resonance distance (I.3) may be set to
generate a peak wavelength within the blue wavelength band.

When the third optical resonance distance (L3) is deter-
mined, the first optical resonance distance (I.1) and/or the
second optical resonance distance ([.2) may be adjusted by
controlling a thickness and/or a refraction index of the optical
distance controlling layer 460. The distance controlling layer
460 is disposed between the second electrode 320 and the
optical resonance layer 430. Since the thickness and/or the
refraction index of the optical distance controlling layer 460
may be easily controlled, the first and the second optical
resonance distances (L1 and [.2) may be easily and variously
adjusted for desired wavelengths of the light provided from
the light emitting structure 350. For example, the first optical
resonance distance (L.1) may be adjusted to generate the
optical resonance of the red light. Furthermore, the second
optical resonance distance (I.2) may be controlled to cause
the optical resonance of the green light.

According to some example embodiments, when the dis-
play device has a top emission type, the first electrode 310
may serve as a reflective electrode having reflectivity, and the
optical resonance layer 430 may be semi-transparent. When
the first electrode 310 is reflective and the optical resonance
layer 430 is semi-transparent, an upper face of the first elec-
trode 310 and a bottom face of the optical resonance layer 430
may serve as two faces between which the optical resonance
of the light may occur. In example embodiments, the optical
resonance layer 430 may provide a first optical resonance
distance (I.1) between the upper face of the first electrode 310
and the bottom face of the optical resonance layer 430. In
some example embodiments, the first optical resonance dis-
tance (L1) may be adjusted to simultaneously generate opti-
cal resonances of visible light having three different wave-
lengths.

In some example embodiments, the second electrode 320
may be a transparent electrode having predetermined trans-
mittance, or may serve as a semi-transparent electrode that
has predetermined semi-transmittance. When the second
electrode 320 functions as the transparent electrode, an addi-
tional optical resonance structure may not be provided. How-
ever, an additional optical resonance structure may be pro-
vided when the optical resonance structure is between the
optical resonance layer 430 and the first electrode 310. Thus,
when the second electrode 320 serves as the semi-transparent
electrode, the second electrode 320 may partially reflect the
light generated from the light emitting structure 350, so that
an additional optical resonance structure may be provided
between the optical resonance layer 430 and the first elec-
trode 310. According to some example embodiments, a sec-
ond optical resonance distance (L2) may be provided
between the upper face of the second electrode 320 and a
bottom face of the optical resonance layer 430. Furthermore,
a third optical resonance distance (L.3) may be provided
between an upper face of the first electrode 310 and a bottom
face of the second electrode 320. In other words, the display
device may include a plurality of optical resonance structures.
Since the first, second and the third optical resonance dis-
tances (L1, L.2 and .3) have been already described in detail,
further descriptions will be omitted.
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According to some example embodiments, when the dis-
play device has a both-sides emission type, each of the first
electrode 310 and the optical resonance layer 430 may be
semi-transparent. When the first electrode 310 and the optical
resonance layer 430 are semi-transparent, an upper face of the
first electrode 310 and a bottom face of the optical resonance
layer 430 may function as two faces between which the opti-
cal resonance of the light may occur. In example embodi-
ments, the optical resonance layer 430 may provide a first
optical resonance distance (I.1) between the upper face of the
first electrode 310 and the bottom face of the optical reso-
nance layer 430. In some example embodiments, the second
electrode 320 may serve as a transparent electrode having
predetermined transmittance, or may function as a semi-
transparent electrode having predetermined transmittance.
When the second electrode 320 serves as the semi-transparent
electrode, the second electrode 320 may partially reflect the
light generated from the emitting structure 350, so that an
additional optical resonance structure may be provided
between the optical resonance layer 430 and the first elec-
trode 310. In other words, the display device may include a
plurality of optical resonance structures. Since the plurality of
optical resonance structures have been already described in
detail, further descriptions will be omitted.

According to some example embodiments, when the dis-
play device has the top emission type or the both-sides emis-
sion type, the display device may further include a facing
substrate (for example, referring to the reference number 400
in FIG. 6) opposed to the substrate 100. The facing substrate
may be combined with the substrate 100 to seal elements of
the display device between the two substrates. For example,
the two substrates 100 and 400 may be attached each other
using a sealing member positioned peripheral portions of the
two substrates 100 and 400. As described above, the inventive
concept according to example embodiments may be
employed in various display devices having, for example, the
top emission type or the both-sides emission type besides the
display device having the bottom emission type.

FIGS. 10A to 10C are cross sectional views illustrating
stages in a method of manufacturing a display device in
accordance with example embodiments.

Referring to FIG. 10A, a first electrode 310 is formed on a
first substrate 100. The first electrode 310 may be patterned in
each pixel region by a photolithography process. For
example, the first electrode 310 may be patterned in each
pixel region through an exposure process, a developing pro-
cess, and an etching process using a photoresist as a mask. In
some example embodiments, the first electrode 310 may be
semi-transparent when the display device has a bottom emis-
sion type, a both-sides emission type, or may be reflective
when the display device has a top emission type.

A light emitting structure 350 is formed on the first elec-
trode 310. When the display device utilizes the mechanism of
organic electroluminescent, the light emitting structure 350
may include a hole transferring layer 353, an emitting layer
355 and an electron transferring layer 357 described with
reference to FIG. 8.

A second electrode 320 is formed on the light emitting
structure 350. The second electrode 320 may be transparent
or may be semi-transparent. The second electrode 320 may
not be patterned in each pixel region, unlike the first electrode
310. Accordingly, a first unit 601 includes the first electrode
310, the light emitting structure 350, and the second electrode
320 formed on the first substrate 100.

Referring to FIG. 10B, an optical resonance layer 430 is
formed on a second substrate 400. The optical resonance
layer 430 may not be patterned in each pixel region. In some
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example embodiments, the optical resonance layer 430 may
be reflective when the display device has the bottom emission
type, or may be semi-transparent when the display device has
the top emission type or the both-sides emission type.

An optical distance controlling layer 460 is formed on the
optical resonance layer 430. As described with reference to
FIG. 7, an optical resonance distance (e.g., a first optical
resonance distance (L1) in FIG. 7) may be adjusted by con-
trolling a thickness and/or a refraction index of the optical
distance controlling layer 460 disposed between the second
electrode 320 and the optical resonance layer 430. Accord-
ingly, a second unit 602 including the optical resonance layer
430 and the optical distance controlling layer 460 is provided.

Referring to FIG. 10C, the second unit 602 including the
optical resonance layer 430 and the optical distance control-
ling layer 460 is disposed over the first unit 601 including the
first electrode 310, the light emitting structure 350, and the
second electrode 320. Then, the first unit 601 and the second
unit 602 are combined. For example, the two substrates 100
and 400 may be attached to each other using a sealing member
positioned in peripheral portions of the two substrates 100
and 400. As described above, the first unit 601 and the second
unit 602 are separately formed. Then, the separately formed
first and second units 601 and 602 are combined each other to
manufacture the display device having a construction sub-
stantially the same as or substantially similar to that of the
display device described with reference to in FIG. 7.

FIG. 11 is a cross sectional view illustrating a display
device in accordance with example embodiments. FIG. 12 is
a cross sectional view illustrating a display device having an
active matrix type in accordance with example embodiments.

Referring to FIGS. 11 and 12, the display device includes a
substrate 100, a first optical resonance layer 150, a switching
structure 200, a first electrode 310, a light emitting structure
350, a second electrode 320, an optical distance controlling
layer 460, and a second optical resonance layer 430. The
switching structure 200 may be disposed between the first
optical resonance layer 150 and the first electrode 310, and
the light emitting structure 350 is disposed between the first
electrode 310 and the second electrode 320. The optical dis-
tance controlling layer 460 is disposed between the second
electrode 320 and the second optical resonance layer 430. The
second optical resonance layer 430 is disposed over the first
electrode 310, the second electrode 320, and the light emit-
ting structure 350.

A semiconductor layer 210, a plurality of electrodes 231,
233 and 235 and a plurality of insulation layers 220, 240 and
260, which are elements of the switching structure 200, may
be substantially the same as or substantially similar to those
described with reference to FIG. 2. The elements of the
switching structure 200 have been already described with
reference to FIG. 2, and thus any further description will be
omitted. Furthermore, a hole transferring layer 353, an emit-
ting layer 355, and an electron transferring layer 35 has
already been described with reference to FIG. 2, and thus any
further description will be omitted.

According to some example embodiments illustrated in
FIG. 11 and FIG. 12, the display device includes at least two
optical resonance layers 150 and 430, each of which is not an
electrode. Thus, an optical resonance structure may be pro-
vided between the first optical resonance layer 150 and the
second optical resonance layer 430. Furthermore, since the
first optical resonance layer 150 and the second optical reso-
nance layer 430 do not serve as an electrode or a subsidiary
electrode, the first optical resonance layer 150 and the second
optical resonance layer 430 may not be patterned in each pixel
region. Moreover, according to some example embodiments
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illustrated in FIG. 11 and FIG. 12, an optical resonance dis-
tance between the first optical resonance layer 150 and the
second optical resonance layer 430 may be adjusted by simul-
taneously or respectively controlling thicknesses and/or
refraction indices of the switching structure 200 and the opti-
cal distance controlling layer 460.

When the display device has a bottom emission type, the
first optical resonance layer 150 may be semi-transparent, and
the second optical resonance layer 430 may be reflective.
When the first optical resonance layer 150 is semi-transparent
and the second optical resonance layer 430 is reflective, an
upper face of the first optical resonance layer 150 and a
bottom face of the second optical resonance layer 430 may
serve as two faces between which the optical resonance of the
light may occur. In example embodiments, a first optical
resonance distance ([.1) may be provided between the upper
face of the first optical resonance layer 150 and the bottom
face of the second optical resonance layer 430.

As described with reference to FIG. 1 or FIG. 7, the first
optical resonance distance (L.1) may be determined to simul-
taneously generate optical resonances of three visible lights
having different wavelengths, respectively. For example, the
first optical resonance distance (L.1) may be controlled to
generate three peak wavelengths respectively corresponding
to those of the red, the green and the blue lights. Since an
optical distance between the upper face of the first optical
resonance layer 150 and the bottom face of the second optical
resonance layer 430 is substantially longer than an optical
distance between the first electrode 310 and the second elec-
trode 320, the first optical resonance distance (L.1) may be
adjusted to have a relatively large value to simultaneously
generate the optical resonances of the three different visible
lights. The first optical resonance distance (L1) may be
adjusted to simultaneously generate optical resonances of
three visible lights having different wavelengths, respec-
tively, have been already described in detail. Thus, any further
description will be omitted.

The first optical resonance distance (I.1) may be adjusted
by simultaneously or respectively controlling thicknesses
and/or refraction indices of the switching structure 200 and
the optical distance controlling layer 460. Therefore, the first
optical resonance distance (I.1) may be more accurately and
easily adjusted in comparison with the case that only one of
the switching structure 200 and the optical distance control-
ling layer 460 is provided.

In some example embodiments, each of the first electrode
310 and the second electrode 320 may serve as a transparent
electrode having predetermined transmittance. When both
the first electrode 310 and the second electrode 320 are trans-
parent, an additional optical resonance structure may not be
provided. However, an additional optical resonance structure
may be provided when the optical resonance structure is
between the first optical resonance layer 150 and the second
optical resonance layer 430. In other example embodiments,
one of the first electrode 310 and the second electrode 320
may function as a semi-transparent electrode having prede-
termined semi-transmittance. For example, when the second
electrode 320 serves as the semi-transparent electrode, the
second electrode 320 may partially reflect the light generated
from the light emitting structure 350, so that an additional
optical resonance structure may be provided between the first
optical resonance layer 150 and the second optical resonance
layer 430. According to some example embodiments, a sec-
ond optical resonance distance (L2) may be provided
between the upper face of the first optical resonance layer 150
and a bottom face of the second electrode 320. Further, a third
optical resonance distance (L.3) may be provided between an
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upper face of the second electrode 320 and the bottom face of
the second optical resonance layer 430. In other words, the
display device may include a plurality of optical resonance
structures.

In some example embodiments, the first optical resonance
distance (L.1), the second optical resonance distance ([.2) and
the third optical resonance distance (L.3) may be determined
to respectively generate a first peak wavelength, a second
peak wavelength, and a third peak wavelength corresponding
to different colors of light having wavelengths within wave-
length bands of red light, green light, and blue light, respec-
tively. In other example embodiments, each of the first optical
resonance distance (1), the second optical resonance dis-
tance (L.2), and the third optical resonance distance (L.3) may
be determined to simultaneously generate optical resonances
of visible light having different wavelengths. For example,
each of the first, the second, and the third optical resonance
distances (L1, [.2 and [.3) may be set to simultaneously
generate the optical resonances of red light, green light, and
blue light. Therefore, the display device may ensure more
enhanced color purity and luminance efficiency.

When an optical distance between a bottom face of the
second electrode 320 and a bottom face of the first electrode
310 is previously set by controlling various layers (e.g., the
hole transferring layer, the emitting layer, the electron trans-
ferring layer, etc) disposed between the first electrode 310 and
the second electrode 320, the second optical resonance dis-
tance (L.2) may be adjusted by controlling a thickness and/or
a refraction index of the switching structure 200 between the
first electrode 310 and the optical resonance layer 150. Fur-
thermore, when the second optical resonance distance (1.2) is
determined, the third optical resonance distance (L.3) may be
adjusted by controlling a thickness and/or a refraction index
of'the optical distance controlling layer 460 disposed between
the second electrode 320 and the second optical resonance
layer 430. Since the thickness and/or the refraction index of
the optical distance controlling layer 460 may be easily con-
trolled, the first and the third optical resonance distances (L1
and [.3) may be easily and variously adjusted for desired
wavelengths of the light provided from the emitting structure
350. For example, the first optical resonance distance (L1)
may be adjusted to generate the optical resonance of the red
light. Furthermore, the second optical resonance distance
(L2) may be controlled to cause the optical resonance of the
green light and the third optical resonance distance (I.3) may
be controlled to cause the optical resonance of the blue light.

When the display device has a top emission type, the first
optical resonance layer 150 may be reflective and the second
optical resonance layer 430 may be semi-transparent. When
the first optical resonance layer 150 is reflective and the
second optical resonance layer 430 is semi-transparent, an
upper face of the first optical resonance layer 150 and a
bottom face of the second optical resonance layer 430 may
function as two faces between which the optical resonance of
the light may occur. In some example embodiments, each of
the first electrode 310 and the second electrode 320 may serve
as a transparent electrode having predetermined transmit-
tance. According to one example embodiment, one of the first
electrode 310 and the second electrode 320 may function as a
semi-transparent electrode having predetermined transmit-
tance. For example, when the second electrode 320 serves as
the semi-transparent electrode, the second electrode 320 may
partially reflect the light generated from the light emitting
structure 350, so that an additional optical resonance structure
may be provided. In other words, the display device may
include a plurality of optical resonance structures. Since the
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plurality of optical resonance structures have been already
described in detail, further descriptions will be omitted.

When the display device has a both-sides emission type,
each of the first optical resonance layer 150 and the second
optical resonance layer 430 may be semi-transparent. When
both the first optical resonance layer 150 and the second
optical resonance layer 430 are semi-transparent, an upper
face of an upper face of the first optical resonance layer 150
and a bottom face of the second optical resonance layer 430
may serve as two faces between which the optical resonance
of the light may occur. In some example embodiments, each
of the first electrode 310 and the second electrode 320 may
serve as a transparent electrode having predetermined trans-
mittance. According to an example embodiment, one of the
first electrode 310 and the second electrode 320 may function
as a semi-transparent electrode having predetermined trans-
mittance. For example, when one of the first electrode 310
and the second electrode 320 serves as the semi-transparent
electrode, the semi-transparent electrode may partially reflect
the light generated from the light emitting structure 350, so
that an additional optical resonance structure may be pro-
vided. Since the plurality of optical resonance structures have
been already described in detail, further descriptions will be
omitted.

A method of manufacturing of the display device illus-
trated in FIG. 11 may be substantially the same as or substan-
tially similar to the method described with reference to FIGS.
10A,10B, and 10C, except that a first optical resonance layer
150 and a switching structure 200 are further formed between
a first substrate 100 and a first electrode 310. Therefore,
further description will be omitted.

As described above, according to example embodiments
illustrated in FIG. 11, an optical resonance structure may be
provided between at least two optical resonance layers 150
and 430, each of which does not serve as an electrode. Fur-
thermore, the optical resonance distance between the two
optical resonance layers 150 and 430 may be adjusted by
simultaneously or respectively controlling thicknesses and/or
refraction indices of the switching structure 200 and the opti-
cal distance controlling layer 460. Therefore, the first optical
resonance distance (L.1) may be more accurately and easily
adjusted.

FIG. 13 is a cross sectional view illustrating a display
device in accordance with example embodiments.

The display device illustrated in FIG. 13 may have a con-
struction substantially the same as or substantially similar to
that of the display device described with reference to FIG. 11
except that a first electrode 310 is semi-transparent and a
second electrode 320 is transparent. Therefore, detailed
descriptions of elements of the display device in FIG. 13
substantially the same as or substantially similar to those of
the display device in FIG. 11 will be omitted or simplified.

Referring to FIG. 13, the display device includes a sub-
strate 100, a first optical resonance layer 150, a switching
structure 200, a first electrode 310, a light emitting structure
350, a second electrode 320, an optical distance controlling
layer 460 and a second optical resonance layer 430. The
switching structure 200 may be disposed between the first
optical resonance layer 150 and the first electrode 310, and
the light emitting structure 350 is disposed between the first
electrode 310 and the second electrode 320. The optical dis-
tance controlling layer 460 is disposed between the second
electrode 320 and the second optical resonance layer 430, and
the second optical resonance layer 430 is disposed over the
first electrode 310, the second electrode 320, and the light
emitting structure 350.
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When the display device has a bottom emission type, the
first optical resonance layer 150 may be semi-transparent, and
the second optical resonance layer 430 may be reflective.
When the first optical resonance layer 150 is semi-transparent
and the second optical resonance layer 430 is reflective, an
upper face of the first optical resonance layer 150 and a
bottom face of the second optical resonance layer 430 may
serve as two faces between which the optical resonance of the
light may occur. In example embodiments, a first optical
resonance distance (I.1) may be provided between an upper
face of the first optical resonance layer 150 and the bottom
face of the second optical resonance layer 430.

The first electrode 310 may be semi-transparent, and the
second electrode 320 may be transparent. When the first
electrode 310 is semi-transparent, the first electrode 310 may
partially reflect the light generated from the light emitting
structure 350. The first electrode 310 may partially reflect the
light generated from the light emitting structure 350, such that
an additional optical resonance structure may be provided in
addition to the optical resonance structure provided by the
first optical resonance layer 150 and a bottom face of the
second optical resonance layer 430. For example, a second
optical resonance distance (1.2) may be provided between the
upper face of the first optical resonance layer 150 and a
bottom face of the first electrode 310. Further, a third optical
resonance distance (I.3) may be provided between an upper
face of the first electrode 310 and the bottom face of the
second optical resonance layer 430. In other words, the dis-
play device may include a plurality of optical resonance struc-
tures. Because the plurality of optical resonance structures
has been already described in detail, any further descriptions
will be omitted.

When the display device has a top emission type, the first
optical resonance layer 150 may be reflective, and the second
optical resonance layer 430 may be semi-transparent. When
the display device has a both-sides emission type, both the
first optical resonance layer 150 and the second optical reso-
nance layer 430 may be semi-transparent.

By way of summation and review, according to embodi-
ments described above, the display device may have
improved color purity and enhanced luminance efficiency
without adjusting optical distances of respect color pixel
regions of the display device because at least one optical
resonance distance may be determined for simultaneously
causing the optical resonances of the red, the green and the
blue lights. That is, the color pixel regions may not include
light emitting layers having different thicknesses and addi-
tional subsidiary electrodes having different thicknesses may
not be required in order to control optical distances relative to
the color pixel regions. Hence, the display device may be
manufactured with low cost without requiring additional lay-
ers, electrodes, etc. Additionally, the color pixels may be
obtained without using different masks relative to the color
pixels because all of the color pixels in the display device may
have substantially same constructions. Therefore, the pro-
cesses for manufacturing the display device may be consid-
erably simplified. Furthermore, the thickness of the optical
distance controlling insulation layer and/or the optical dis-
tance controlling layer may be easily and precisely con-
trolled, and thus at least one optical resonance distance may
also be accurately adjusted to cause an optical resonance of
light having a desired wavelength.

The foregoing is illustrative of example embodiments, and
is not to be construed as limiting thereof. Although a few
example embodiments have been described, those skilled in
the art will readily appreciate that many modifications are
possible in the example embodiments without materially
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departing from the novel teachings and advantages of
example embodiments. Accordingly, all such modifications
are intended to be included within the scope of example
embodiments as defined in the claims. In the claims, means-
plus-function clauses are intended to cover the structures
described herein as performing the recited function and not
only structural equivalents but also equivalent structures.
Therefore, it is to be understood that the foregoing is illustra-
tive of example embodiments and is not to be construed as
limited to the specific embodiments disclosed, and that modi-
fications to the disclosed example embodiments, as well as
other example embodiments, are intended to be included
within the scope of the appended claims. The inventive con-
cept is defined by the following claims, with equivalents of
the claims to be included therein.

What is claimed is:

1. A display device comprising:

aswitching structure on a substrate, the switching structure

including a switching device and a first optical distance
controlling layer covering the switching device;

a first electrode on the switching structure;

a light emitting structure on the first electrode;

a second electrode on the light emitting structure; and

a first optical resonance layer including metal between the

substrate and the switching structure, wherein

the second electrode and the first optical resonance layer

cause an optical resonance of a light generated from the
light emitting structure by providing a first optical reso-
nance distance corresponding to a distance between an
upper face of the first optical resonance layer and a
bottom face of the second electrode.

2. The display device as claimed in claim 1, wherein the
first optical distance is determined to simultaneously generate
optical resonances of red light, green light, and blue light
generated from the light emitting structure.

3. The display device as claimed in claim 1, wherein the
first optical resonance distance is adjusted by controlling at
least one of a thickness of the first optical distance controlling
layer and a refraction index of the first optical distance con-
trolling layer.

4. The display device as claimed in claim 1, further com-
prising a buffer layer disposed between the substrate and the
first optical resonance layer.

5. The display device as claimed in claim 1, wherein the
first optical resonance layer is semi-transparent.

6. The display device as claimed in claim 5, wherein the
first electrode is transparent and the second electrode is
reflective or semi-transparent.

7. The display device as claimed in claim 5, wherein the
first electrode is semi-transparent and a second optical reso-
nance distance for an optical resonance of the light is pro-
vided between the upper face of the first optical resonance
layer and a bottom face of the first electrode.
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8. The display device as claimed in claim 7, wherein the
second optical resonance distance is adjusted by controlling
at least one of a thickness of the first optical distance control-
ling layer and a refraction index of the first optical distance
controlling layer.

9. The display device as claimed in claim 7, wherein a third
optical resonance distance for an optical resonance of the
light is provided between an upper face of the first electrode
and the bottom face of the second electrode.

10. The display device as claimed in claim 9, wherein the
first, the second, and the third optical resonance distances are
determined to respectively generate a first peak wavelength, a
second peak wavelength, and a third peak wavelength corre-
sponding to different colors of light having wavelengths
within wavelength bands of red light, green light and blue
light, respectively.

11. The display device as claimed in claim 10, wherein
each of the first, the second, and the third optical resonance
distances is determined to simultaneously generate optical
resonances of the red light, the green light and the blue light.

12. The display device as claimed in claim 1, wherein the
first optical resonance layer is reflective and the second elec-
trode is semi-transparent.

13. The display device as claimed in claim 1, further com-
prising:

a second optical distance controlling layer disposed on the

second electrode; and

a second optical resonance layer disposed on the second

optical resonance controlling layer.

14. The display device as claimed in claim 13, wherein the
second electrode is semi-transparent and a second optical
resonance distance for an optical resonance of the light is
provided between an upper face of the second electrode and a
bottom face of the second optical resonance layer.

15. The display device as claimed in claim 14, wherein the
second optical resonance distance is adjusted by controlling
at least one of a thickness of the second optical distance
controlling layer and a refraction index of the second optical
distance controlling layer.

16. The display device as claimed in claim 14, wherein a
third optical resonance distance for an optical resonance of
the light is provided between the upper face of the first optical
resonance layer and the bottom face of the second optical
resonance layer.

17. The display device as claimed in claim 16, wherein
each of the first, the second, and the third optical resonance
distances is determined to generate one peak wavelength
within a wavelength band of visible light.

18. The display device as claimed in claim 1, wherein

the optical resonance causes increase of luminance and/or

intensity of light having a predetermined wavelength.
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